1. Introduction {#sec1-ijerph-12-12225}
===============

One of the environments most influenced by man are urban settlements \[[@B1-ijerph-12-12225],[@B2-ijerph-12-12225],[@B3-ijerph-12-12225],[@B4-ijerph-12-12225]\]. Evolving from the primitive settlements that existed thousands of years ago, and which were characterized by crude technology meant only for feeding, sheltering, clothing, and survival, urban settlements have grown into contemporary, highly complex, and interwoven existing societies, such as towns, cities, and mega cities, which are largely driven by sophisticated technologies developed to provide, not only basic human needs, but also services than run the day-to-day, diversified socio-economic and political activities of modern man \[[@B3-ijerph-12-12225],[@B5-ijerph-12-12225]\]. The process of this incremental growth and complexity in world urban settlements has been institutionally referred to as urbanization.

Existing as an obvious process with subtle propagation, urbanization brings about social, cultural, economic, political, and ecological changes in the human settlement landscape. Although lacking any consensual definition, urbanization has been described as a culmination of factors resulting in processes that cause marked and persistent modifications in land-use activities and interactions; thereby resulting in population explosion, spatial expansion as well as political and service complexity \[[@B6-ijerph-12-12225],[@B7-ijerph-12-12225],[@B8-ijerph-12-12225]\]. These changes have not been without negative consequences, some of which have become issues in global human development and sustainability. For instance, urbanization has been associated with the precarious rise in energy consumption and global climate change \[[@B7-ijerph-12-12225],[@B9-ijerph-12-12225],[@B10-ijerph-12-12225],[@B11-ijerph-12-12225],[@B12-ijerph-12-12225]\], degrading urban ecology \[[@B13-ijerph-12-12225],[@B14-ijerph-12-12225],[@B15-ijerph-12-12225],[@B16-ijerph-12-12225],[@B17-ijerph-12-12225],[@B18-ijerph-12-12225],[@B19-ijerph-12-12225]\], urban land degradation and increased disaster rate \[[@B20-ijerph-12-12225],[@B21-ijerph-12-12225],[@B22-ijerph-12-12225],[@B23-ijerph-12-12225],[@B24-ijerph-12-12225],[@B25-ijerph-12-12225]\], profound cultural change and infiltration \[[@B26-ijerph-12-12225],[@B27-ijerph-12-12225],[@B28-ijerph-12-12225]\], as well as extreme generation of hazardous waste \[[@B29-ijerph-12-12225],[@B30-ijerph-12-12225],[@B31-ijerph-12-12225],[@B32-ijerph-12-12225]\], among others.

One of the most dangerous negative effects of urbanization is pollution, described as the introduction or presence of potentially damaging contaminants into the environment, thereby having a negative effects on lives in the affected areas \[[@B33-ijerph-12-12225],[@B34-ijerph-12-12225]\]. In most cases, the sources of pollution are direct or otherwise by-products of the quickly increasing and divergent, environment-destroying activities of man. While some forms of pollution, such as water \[[@B35-ijerph-12-12225],[@B36-ijerph-12-12225],[@B37-ijerph-12-12225]\], air \[[@B38-ijerph-12-12225],[@B39-ijerph-12-12225],[@B40-ijerph-12-12225],[@B41-ijerph-12-12225]\], land \[[@B22-ijerph-12-12225],[@B42-ijerph-12-12225]\], and soil pollution \[[@B24-ijerph-12-12225],[@B43-ijerph-12-12225],[@B44-ijerph-12-12225],[@B45-ijerph-12-12225]\] are more obvious and have generated a great deal of research interest across the globe, and especially in developing countries, noise, as a major pollution in contemporary urban settlements of developing countries, has not been given necessary attention.

The definition of noise has been widely contested owing to the subjectivity of the concept. To a large extent, noise is determined by the physical and emotional frame of the person or people exposed to it. This subjectivity was described by Job \[[@B46-ijerph-12-12225]\] as noise sensitivity, which affects the internal states, including physiological, psychological, and attitudinal makeup of individuals, which increases their degree of reactivity to noise. This suggests that noise reflects certain interrelationships between the attitudes of a person, the desire for its control through standards, and the characteristics of the physical stimulus of each type of sound. This further shows that the basic line of demarcation between sound and noise is that, while the former is a sensory perception, the latter corresponds to undesired and displeasing sound \[[@B47-ijerph-12-12225]\]. Generally, therefore, noise has been defined as sound made out of place \[[@B48-ijerph-12-12225]\].

This presupposes that noise pollution can be described as any form of noise, usually resulting from man's activities, and that has either a prolonged or short duration but is perceived by the hearers as disturbing, and also has the potential of causing short- or long-term negative effects on the affected person's complete state of wellbeing \[[@B48-ijerph-12-12225],[@B49-ijerph-12-12225],[@B50-ijerph-12-12225],[@B51-ijerph-12-12225],[@B52-ijerph-12-12225]\]. In addition to creating a nuisance to the urban environment, noise pollution has been associated with psychological \[[@B53-ijerph-12-12225],[@B54-ijerph-12-12225],[@B55-ijerph-12-12225]\], physiological \[[@B56-ijerph-12-12225],[@B57-ijerph-12-12225],[@B58-ijerph-12-12225]\], and physical effects on exposed populations \[[@B59-ijerph-12-12225],[@B60-ijerph-12-12225],[@B61-ijerph-12-12225]\]. In specific terms, deafness, tinnitus, cardiac problems, such as hypertension ischemic heart disease and vasoconstriction, sleep interferences, headaches, fatigue, stomach ulcers, vertigo, and aggression have been attributed to noise pollution \[[@B62-ijerph-12-12225],[@B63-ijerph-12-12225]\].

Sensitivity of the human ear to sounds at different frequencies, measured by the A-weighted decibel scale with 0 dB(A), for normal conversation has been put at between 45 dB(A) and 60 dB(A) when people are within three to six feet apart. This translates roughly to the lowest threshold of human hearing. Exposure to levels higher than 80 dB(A) for a prolonged period has been found to be deafening, while sound levels between 130 and 140 dB(A) are described as pain \[[@B64-ijerph-12-12225]\]. Over the years, these noise limits have been greatly exceeded in many urban settlements of developing countries. Nevertheless, some developed countries, such as the United States of America, Australia, and Japan, and organizations such as the World Health Organization (WHO) have set standards of noise pollution emanating from different land uses, both in the day and night ([Table 1](#ijerph-12-12225-t001){ref-type="table"} and [Table 2](#ijerph-12-12225-t002){ref-type="table"}). Unlike the achievement made in noise control in many developed countries, existing noise regulations in Nigeria, as in many other developing countries, have not been effective.

ijerph-12-12225-t001_Table 1

###### 

A-weighted noise level standards in selected countries of the world \[[@B65-ijerph-12-12225]\].

  Countries                                Industrial   Commercial   Residential   Silent Zones                  
  ---------------------------------------- ------------ ------------ ------------- -------------- ---- ---- ---- ----
  Australia (dB)                           55           55           55            45             45   35   45   35
  India (dB)                               75           70           65            55             55   45   50   40
  Japan (dB)                               60           50           60            50             50   40   45   35
  US, EPA (dB)                             70           60           60            50             55   45   45   35
  WHO (dB)                                                                                                       
  (WHO 2009, \[[@B66-ijerph-12-12225]\])                                                                         

In Nigeria, the absence of noise to many urban dwellers, is perceived as a strange thing, only typical of the rural areas of the country. This may partly be attributed to the absence of enforced legislation aimed at correcting the negative effect of urbanization, in addition to the unavailability of sufficient theoretical and applied information-driven knowledge about noise pollution in the country. Although several studies have been conducted in respect to noise pollution in Nigeria, most of them have focused on the health and socio-economic effects of noise pollution \[[@B67-ijerph-12-12225],[@B68-ijerph-12-12225],[@B69-ijerph-12-12225],[@B70-ijerph-12-12225],[@B71-ijerph-12-12225],[@B72-ijerph-12-12225],[@B73-ijerph-12-12225],[@B74-ijerph-12-12225],[@B75-ijerph-12-12225],[@B76-ijerph-12-12225],[@B77-ijerph-12-12225]\]. Noise pollution has a tendency of exacerbating already degenerated urban settlements in the country. The current study sought to quantify the magnitude and level of noise pollution associated with different land uses in the Ibadan and Ile-Ife urban settlements in Southwestern Nigeria. Characterization of noise levels across the study areas was achieved by using Geographical Information Systems (GIS) to map out noise risk exposure, compare ambient noise levels, and evaluate the relationship between land use and urban noise level.

2. Experimental Section {#sec2-ijerph-12-12225}
=======================

2.1. Description of the Study Area {#sec2dot1-ijerph-12-12225}
----------------------------------

The study areas for this paper are Ibadan, located between latitudes 7°18′′ N and 7°27′′ N and longitudes 3°50′′ E and 3°58′′ E; and Ile-Ife located between latitudes 7°28′N and 7°32′N and longitudes 4°28′ E and 4°34′ E. Ibadan, the third largest city in Africa, with an average population of about 2,550,593, and an average population density of 828 persons per km^2^ \[[@B78-ijerph-12-12225]\] and Ile-Ife, with a projected population of 501,952 \[[@B79-ijerph-12-12225]\], are both located contiguously within the same geopolitical zone of the southwestern states of Oyo and Osun, respectively. The two cities also share similar historical developments, as they were both prominent indigenous Yoruba cities that developed outwardly from the Oba's palace. Similarly, both cities have served as administrative centers at different periods of development of Nigeria. [Figure 1](#ijerph-12-12225-f001){ref-type="fig"} and [Figure 2](#ijerph-12-12225-f002){ref-type="fig"} show metropolitan areas of Ibadan and Ile-Ife, respectively. Climatically, both cities fall under the tropical wet and dry climates (Koppen climate classification, Aw), with a lengthy wet season, which runs from March to October, and relatively constant temperatures throughout the year, between 23 °C and 33 °C during the dry season. At the moment, both Ibadan and Ile-Ife are expressing fast growth, both spatially and socio-economically. The presence of Nigeria's foremost universities, the University of Ibadan and Obafemi Awolowo in Ibadan and Ile-Ife, respectively, has in no small way contributed to the growth and development of the two study areas. This is evident in the development of residential, commercial, and other socio-economic activities in the areas adjoined to the university campuses.

2.2. Datasets and Sources {#sec2dot2-ijerph-12-12225}
-------------------------

Datasets for this study were obtained through primary sources and they include noise level measurements, acquired with an android mobile phone. The mobile phone was equipped with a noise meter, which was calibrated with a digital noise meter, SET 1350, with a measuring level range of 35--130 dB(A). A Global Positioning System (GPS) handheld receiver was used to obtain positional details of the noise sample stations in both Ibadan metropolis and urban Ile-Ife as shown in [Figure 1](#ijerph-12-12225-f001){ref-type="fig"} and [Figure 2](#ijerph-12-12225-f002){ref-type="fig"} respectively. The noise measurements were randomly taken at street level around the different land-use types in the study areas, including road junctions, market centers, bus parks, and residential areas. Specifically, these land uses were classified as transportation, commercial, industrial, educational, or residential.

The observations were made by standing at a location at a time, with the instrument pointing, in most cases, at any convenient direction and not at any specific noise source. This was to ensure that the general ambient noise levels were recorded and not the sound of a particular object or source of sound. A-weighted instantaneous sound pressure level measurements were recorded at intervals of 30 s for 10 min. The average of this was then obtained, thereby making 20 noise readings per sampled location. This procedure was carried out for morning (7:00--9:00 a.m.), afternoon (12:00--2:00 p.m.), and evening (5:00--7:00 p.m.) periods, on Monday, Wednesday, Friday, Saturday, and Sunday. These days of the week were purposefully picked for the following reasons: Monday was chosen because it is the first working day of the week, when those that may have travelled for the weekend are returning to the cities; Wednesday was included to typify working days not associated with the usual rush in and out of the study areas on Mondays and Fridays; Friday was included because it is the last working day of the week, when people may want to leave the cities, and when some social events are organized; Saturday, was selected because it is the usual day for shopping and many other social functions; and Sunday, because of the religious activities associated with it. Tuesday and Thursday were left out because, in most cases, they share the characteristics of Wednesdays as mid-week days.

Working with noise level measurement it is important to note that, because of the logarithmic nature of the decibel unit, sound levels cannot be arithmetically added or subtracted, and are somewhat cumbersome to handle mathematically. However, basic rules apply when dealing with sound levels. First, if a sound's intensity is doubled, the sound level increases by 3 dB, regardless of the initial sound level. For instance, 60 dB + 60 dB = 63 dB. Second, the total sound level produced by two sounds of different levels is usually only slightly more than the higher of the two. For instance, 60.0 dB + 70.0 dB = 70.4 dB \[[@B79-ijerph-12-12225]\]. Hence, for this study, noise levels were recorded based on Finegold *et al.* assumptions \[[@B80-ijerph-12-12225]\].

![Map of Ibadan Metropolis.](ijerph-12-12225-g001){#ijerph-12-12225-f001}

![Map of Ile-Ife.](ijerph-12-12225-g002){#ijerph-12-12225-f002}

2.3. Data Analysis {#sec2dot3-ijerph-12-12225}
------------------

Descriptive statistical analyses, including averages and simple charts, were used to summarize the data, while inferential statistics in the form of a one-way analysis of variance (ANOVA) were carried out to evaluate the effect of land-use types on noise. The fixed factor for the ANOVA was land use with four categories; residential, educational, transportation, and commercial, while noise was the dependent variable. The assumption of homogeneity of variance was performed using Levene's Test, while Tukey's HSD was used for the pair-wise *post hoc* test.

ijerph-12-12225-t002_Table 2

###### 

Noise sensitivity zones \[[@B81-ijerph-12-12225]\].

  dB(A)      Sensitivity
  ---------- ---------------------
  55--\<60   Risky
  60--\<65   Moderately Risk
  65--\<70   Highly risky
  70--\<75   Dangerous
  75--\<80   Highly dangerous
  \>80       Extremely dangerous

3. Results and Discussion {#sec3-ijerph-12-12225}
=========================

3.1. Detailed Noise Levels in Ibadan and Ile-Ife {#sec3dot1-ijerph-12-12225}
------------------------------------------------

### 3.1.1. Characterization of Noise Levels in Ibadan and Ile-Ife Cities {#sec3dot1dot1-ijerph-12-12225}

[Table 3](#ijerph-12-12225-t003){ref-type="table"} shows the recorded noise level of sampled locations in Ibadan in the morning, afternoon, and evening. The mean, average minimum, and average maximum noise levels for the morning rush hour were 74.01 dB(A), 68.3 dB(A), and 78.35 dB(A); the afternoon measurements were 72.31 dB(A), 65.6 dB(A) and 77.1 dB(A); and the evening observations were 73.23 dB(A), 65.15 dB(A), and 79.55 dB(A), respectively. The noise level readings for Ibadan show that the highest noise levels were recorded on Fridays, followed by Mondays, while the least noise levels were recorded on Sundays ([Figure 3](#ijerph-12-12225-f003){ref-type="fig"}).

ijerph-12-12225-t003_Table 3

###### 

Noise levels in Ibadan for morning, afternoon and evening.

  Location        Morning   Afternoon   Evening                                         
  --------------- --------- ----------- --------- ------- ------ ------ ------- ------- -------
  Academy         78.2      74          82        75.8    70     82     77.2    66      83
  Agodi Gate      80.4      75          86        80      73     88     79      75      83
  Akobo Est       64        59          68        62.2    60     64     65.2    61      70
  Alakia          70.8      65          79        71.4    68     76     73.6    61      80
  Aleshinloye     77        68          81        72      61     77     74.8    63      81
  Bodija est      68.4      65          72        63      60     67     64.6    59      68
  Challenge       76.4      70          80        71.4    67     75     71.8    65      81
  Dugbe           71.8      66          75        70.6    64     75     69.8    64      76
  Gbagi Mkt       80.6      73          86        80.6    68     86     80.8    77      85
  Iwo Road        84.8      78          89        83.8    76     87     83.8    78      89
  Iyana Church    67.6      63          70        66      60     70     69      63      75
  Jericho GRA     66        63          68        71.4    62     77     70.8    64      77
  Ojoo            71.8      65          77        66.8    64     70     76.8    63      85
  Oluyole Ind.    76.6      72          82        76.2    67     83     72      65      77
  Oluyole Res     64.4      61          68        64.2    61     68     63.4    58      67
  Oje             81.2      72          85        79      64     86     77.6    70      83
  Ring road       72.6      70          74        73.2    65     77     77.4    68      85
  Secretariat     74.6      64          82        68.8    60     77     72.8    61      81
  Toll-Gate Ib.   82.6      79          87        81.2    75     85     73.8    62      80
  Uni-Ibadan      70.4      64          76        68.6    67     72     70.4    60      85
  Average         74.01     68.3        78.35     72.31   65.6   77.1   73.23   65.15   79.55

![Daily average noise levels in Ibadan.](ijerph-12-12225-g003){#ijerph-12-12225-f003}

[Table 4](#ijerph-12-12225-t004){ref-type="table"} shows that the mean, average minimum, and average maximum noise for the morning period in Ile-Ife are 68.59 dB(A), 63.45 dB(A), and 73.4 dB(A), respectively. For the afternoon period, the readings were 68.91 dB(A), 61.9 dB(A), and 74.9 dB(A), respectively, while the mean, average minimum, and average maximum for evening periods were 70.32 dB(A), 65.55 dB(A), and 75 dB(A), respectively. The analysis of daily noise levels for the morning, afternoon, and evening periods in Ile-Ife, reveals that Mondays are the noisiest days, both in the mornings and afternoons. The afternoon readings show a slight difference between the average noise levels on Monday mornings (71.4 dB(A)) and Friday afternoon (71.3 dB(A)). However, Sunday evenings in Ile-Ife are also noisy ([Figure 4](#ijerph-12-12225-f004){ref-type="fig"}).

ijerph-12-12225-t004_Table 4

###### 

Noise levels in Ile-Ife for morning, afternoon and evening.

  Locations        Morning   Afternoon   Evening                                                
  ---------------- --------- ----------- --------- -------- -------- -------- -------- -------- ------
  Abaya-gani       63.2      61          66        61       53       69       57.6     53       62
  Ajegunle         61.6      57          67        70.6     65       77       70       67       73
  Akrabata         64.2      63          66        65.8     62       73       70.8     67       74
  Asherifa         63.4      59          67        70.6     64       76       68.8     63       76
  Awo hall         64.8      60          68        70.6     62       76       69       64       73
  Eleyele layout   69        63          75        59.4     55       64       69.2     65       73
  Fajuyi road      70.2      62          75        67.8     57       75       71.4     65       76
  Iremo road       79.6      70          86        70.8     65       75       75       68       83
  Lagere           76.2      69          81        76.8     71       81       79       76       82
  Mayfair          81.8      73          87        68.2     61       77       68.2     59       75
  OAU main-gate    67.6      63          74        66       60       70       68.8     63       73
  OAU SUB          72.2      64          78        71.2     61       77       70.6     66       78
  OAU THC          70.8      68          75        64.6     60       70       72.2     69       77
  Olubushe         73.4      68          79        70.4     63       77       67.2     63       71
  Moremi est       68.2      63          71        64.6     61       68       68.2     65       73
  Opa Oranmiyan    66        64          71        78.4     63       86       72.4     68       76
  Road 21          57.8      54          62        58.8     54       63       62.2     58       66
  Road 7           64.6      59          71        67       62       72       69.6     63       77
  Sabo market      64.8      60          73        78       72       85       80       77       83
  Toll gate        72.4      69          76        77.6     67       87       76.2     72       79
  *Average*        *68.59*   *63.5*      *73.4*    *68.9*   *61.9*   *74.9*   *70.3*   *65.6*   *75*

![Daily average noise levels in Ile-Ife.](ijerph-12-12225-g004){#ijerph-12-12225-f004}

### 3.1.2. Spatial Variation of Noise Sensitivity {#sec3dot1dot2-ijerph-12-12225}

Using the US EPA \[[@B81-ijerph-12-12225]\] standards on noise sensitivity, the spatial variation of average noise levels in Ibadan and Ile-Ife, for the morning, afternoon, and evening, were mapped to show the level of noise sensitivity associated with the various land uses. The areas around Iwo road, a major transportation hub in the city, fall within the extremely dangerous zone of noise sensitivity (80--85 dB(A)) in the mornings, afternoons, and evenings. Places around Toll gate also fall within the extremely dangerous zone in the mornings and afternoons, but reduce to a highly risky level (65--70 dB(A)) in the evenings, which could be attributed to people moving away from the area and into the city center. One striking characteristic of the noise in the Ibadan metropolis is that none of the areas investigated fall below the recommended noise sensitivity level. Places like Akobo and Bodija estates, as well as Jericho GRA and Oluyole residential estate fall within the moderately risky zone of between 60 dB(A) and 65 dB(A). Noticeable, is the trend in the southeastern part of Ibadan, where noise levels are in the highly dangerous and extremely dangerous, regardless of the time of day.

[Figure 5](#ijerph-12-12225-f005){ref-type="fig"} reveals that 25%, 20%, and 10% of places in Ibadan are within the extremely dangerous zone (ED) in the mornings, afternoons, and evenings, respectively, while a larger percentage of the city is found within dangerous zone (D) of between 70 dB(A) and75 dB(A) in the mornings (30%), afternoons (30%), and evenings (40%). However, some of the places in Ibadan City are within the moderately risky (MR) range in the mornings, afternoons, and evenings, with the remaining places alternating between highly dangerous zone (HD) and highly risky (HR) at different periods of the day.

![Percentage of noise distribution in Ibadan.](ijerph-12-12225-g005){#ijerph-12-12225-f005}

On the other hand, [Figure 6](#ijerph-12-12225-f006){ref-type="fig"} shows that places around the Mayfair, Lagere, and Sabo areas of Ile-Ife account for the recorded 5% of urban Ile-Ife that falls within extremely dangerous zone (ED) (80--85 dB(A)) in the mornings and evenings, with the afternoon record showing a slight variation. Additionally, about 20%, 30%, and 30% of places in Ile-Ife fall in the dangerous zone (D) ((70--75 dB(A)) in the mornings, afternoons, and evenings, respectively. However, it is significant to mention that places around the Obafemi Awolowo University (OAU) staff quarters and Aba'Yagani constitute the 5%, 10%, and 5% of urban Ile-Ife that falls within the risky zone (55--60 dB(A)) in the mornings, afternoons, and evenings, respectively.

![Percentage of noise distribution in Ile-Ife.](ijerph-12-12225-g006){#ijerph-12-12225-f006}

3.2. Comparison of the Average Noise Levels in Ibadan and Ile-Ife {#sec3dot2-ijerph-12-12225}
-----------------------------------------------------------------

The overall mean noise level for all the locations on all the days of the week recorded in Ibadan was 73.2 dB(A) compared to 69.2 dB(A) for Ile-Ife. [Figure 7](#ijerph-12-12225-f007){ref-type="fig"} shows that the mean morning, afternoon, and evening noise levels in Ibadan were 74.3 dB(A), 72.3 dB(A), and 73.1 dB(A), which were higher than the average noise levels in Ile-Ife during the same period (68.6 dB(A), 68.8 dB(A), and 70.3 dB(A)) respectively. Additionally, the lowest recorded noise for Ibadan is 58 dB(A), while that of Ile-Ife is 53 dB(A). This signifies that, based on the measurements, the noise pollution in Ibadan is greater than that in Ile-Ife. Noticeable were the mean daily noise levels, which were higher in Ibadan than those obtained in Ile-Ife on all days except for Sunday ([Figure 8](#ijerph-12-12225-f008){ref-type="fig"}).

![Average daily noise levels in Ibadan and Ile-Ife.](ijerph-12-12225-g007){#ijerph-12-12225-f007}

![Mean daily noise levels in Ibadan and Ife-Ife.](ijerph-12-12225-g008){#ijerph-12-12225-f008}

The noise level readings of both Ibadan and Ile-Ife were also analyzed. The summary of the measurements reveals that 23.5% of the total noise level recorded for the two cities falls within the highly risky zone (65--69 dB(A)), accounting for 141 of the 600 average noise levels recorded. A total of 20.67% of the average noise level falls within the dangerous zone (70--74 dB(A)), 19.67% within the highly dangerous zone (75--79 dB(A)), 16.67% within medium risk (60--64 dB(A)), 10.33 within highly dangerous (80--84 dB(A)), and 5.17% and 3.33% within extremely dangerous (80--85 dB(A)) and risky (55--59 dB(A)) zones, respectively. A smaller proportion (0.67%) of all sampled locations in both Ibadan and Ile-Ife falls within the safe zone of less than 55 dB(A). These readings translate to 79.3% of sampled locations in Ibadan and Ile-Ife experiencing noise pollution that is above the recommended noise level ([Table 5](#ijerph-12-12225-t005){ref-type="table"}).

ijerph-12-12225-t005_Table 5

###### 

Percentile distribution of the recorded average noise levels.

  Noise Level Db(A)   Mon.   Wed.   Fri.   Sat.   Sun.   Total   Percentage   Sensitivity
  ------------------- ------ ------ ------ ------ ------ ------- ------------ ---------------------
  55--\<60            2      5      3      5      9      24      4.00         Risky
  60--\<65            13     12     14     15     46     100     16.67        Moderately Risky
  65--\<70            23     37     21     30     30     141     23.50        Highly Risky
  70--\<75            30     23     29     23     19     124     20.67        Dangerous
  75--\<80            28     23     28     29     10     118     19.67        Highly dangerous
  \>80                24     20     25     18     6      93      15.50        Extremely dangerous

3.3. Relationship between Land Use and Noise Levels {#sec3dot3-ijerph-12-12225}
---------------------------------------------------

The variation in noise level under different dominant land uses for the three periods of the days of the week were analyzed for each city. Land-use-based distributions of noise in the mornings in Ibadan reveal that residential areas had the least average noise levels of 65.1 dB(A), 66.7 dB(A), and 67.6 dB(A), for mornings, afternoons, and evening, respectively ([Figure 9](#ijerph-12-12225-f009){ref-type="fig"}). This range of values falls within the highly risky zones (65--70 dB(A)), which is more than 10 dB(A) above the WHO-recommended daytime residential noise level of 55 dB(A). The average morning, afternoon, and evening noise levels for transportation land use are 73 dB(A), 69.9 dB(A), and 71.15 dB(A), respectively, falling within the highly dangerous zone (75--80 dB(A)). The recorded commercial noise levels for morning, afternoon, and evening, 76.77 dB(A), 73.97 dB(A), and 75.94 dB(A), are falling mostly within the highly dangerous zone (75--80 dB(A)), more than 20 dB(A) higher than the WHO permissible limit of 55 dB(A) (day/night). The industrial areas recorded 73.7 dB(A) and 73.8 dB(A), which were above the WHO recommended noise level at 65 dB(A) (day/night). All the noise levels in the different land-use types exceed the respective recommended average noise levels.

The average noise levels across different land uses in Ile-Ife are shown in [Figure 10](#ijerph-12-12225-f010){ref-type="fig"}. Results reveals that commercial land use account for 76.77 dB(A), 73.97 dB(A), and 75.94 dB(A) for morning, afternoon, and evening, respectively. These readings fall between the dangerous zone of noise sensitivity (70--75 dB(A) in the afternoons and highly dangerous in the mornings and evenings. These readings exceed the WHO allowable noise limit of 55 dB(A) (morning and night) and US EPA 60 dB(A)/morning and 50 dB(A)/night). The average noise levels for transportation land use in Ile-Ife for morning, afternoon, and evening were 78.92 dB(A), 77.08 dB(A), and 76.8 dB(A), respectively. These values fall in the extremely dangerous zone. Similarly, the residential land use noise levels returned 66.08 dB(A), 65.36 dB(A), and 66.6 dB(A) for morning, afternoon, and evening, falling in the highly risky zone (65--70 dB(A)) and exceeding the WHO standard of 55 dB(A) (morning) and 46 dB(A) (night). The study by \[[@B82-ijerph-12-12225]\] shows similar trend. An interesting range of 70.4 dB(A), 68.6 dB(A), and 70.4 dB(A) was recorded for educational land use in Ile-Ife. This falls in the high risk zone (65--70 dB(A)) and more than 20 dB(A) above the recommended WHO standard of 46 dB(A) for day and 36 dB(A) (night) for silent zone. Land use types in Ibadan and Ile-Ife were compared to the WHO standards for day (morning, afternoon) and night (evening). As shown in [Figure 11](#ijerph-12-12225-f011){ref-type="fig"}, all land-use types considered, in both Ibadan and Ile-Ife, exceed the WHO noise standards.

![Average noise levels and land use in Ibadan.](ijerph-12-12225-g009){#ijerph-12-12225-f009}

![Average noise levels and land use in Ile-Ife.](ijerph-12-12225-g010){#ijerph-12-12225-f010}

![Comparative mean of daily noise levels across land uses in Ibadan and Ife-Ife.](ijerph-12-12225-g011){#ijerph-12-12225-f011}

To evaluate the effect of land use types on noise, a one-way analysis of variance (ANOVA) was conducted with the fixed factor being land use, with four categories; residential, educational, transportation, and commercial, while noise was the dependent variable. The assumption of homogeneity of variance was first tested and the result were found tenable using Levene's Test, F(3,34) = 1.50, *p* = 0.245. The results of the ANOVA test, shown in [Table 6](#ijerph-12-12225-t006){ref-type="table"} reveal a statistically significant relationship F(3,34) = 15.13, *p* = 0.000. Additionally, the Tukey's HSD ([Table 7](#ijerph-12-12225-t007){ref-type="table"}) pair-wise follow-up test revealed that noise levels between residential and transportation land use types (M =−25.32, SD = 4.80) are statistically significant, as with noise levels between residential and commercial land-use types (M = −26.33, SD = 4.52). However, the differences in noise levels between other groups are not statistically significantly.

ijerph-12-12225-t006_Table 6

###### 

Analysis of variance of noise levels across land use.

  ANOVA                                                                     
  ---------------- -------------------- -------- ----------------- -------- ----------
                   **Sum of Squares**   **Df**   **Mean Square**   **F**    **Sig.**
  Between Groups   5874.801             3        1958.267          15.132   .000
  Within Groups    4400.151             34       129.416                    
  Total            10274.953            37                                  

Df = degree of freedom; Sig. = level of Significance.

ijerph-12-12225-t007_Table 7

###### 

Tukey's HBD Multiple comparison between noise levels across land use types Dependent Variable: Noise, Tukey HSD.

  \(I\) Land Use (J) Land Use   Mean Difference   Std. Error    
  ----------------------------- ----------------- ------------- ---------
  Residential                   Educational       --7.92000     7.19489
  Transportation                --25.32000 \*     4.79660       
  Commercial                    --26.33212 \*     4.51585       
  Educational                   Residential       7.92000       7.19489
  Transportation                --17.40000        7.58408       
  Commercial                    --18.41212        7.40971       
  Transportation                Residential       25.32000 \*   4.79660
  Educational                   17.40000          7.58408       
  Commercial                    --1.01212         5.11319       
  Commercial                    Residential       26.33212 \*   4.51585
  Educational                   18.41212          7.40971       
  Transportation                1.01212           5.11319       

\* *p* \< 0.005; Std. = Standard Error.

Excessive noise is a major environmental complaint in urban areas emanating from different land uses. Noise disturbance significantly impacts many areas with a high population density and affects the inhabitants in their daily life, sleep, work, and study. The results in the preceding sections detail the compilation and statistical calculations of noise levels in Ibadan and Ile-Ife, as well as the comparative breakdown of noise across both cities. The emergence of Monday and Friday as the noisiest days of the week, in both Ibadan ([Figure 3](#ijerph-12-12225-f003){ref-type="fig"}) and Ile-Ife ([Figure 4](#ijerph-12-12225-f004){ref-type="fig"}), could be attributed to the socio-economic practices of the inhabitant of the cities. The increasing noise generated by the various urban land uses, especially those relating to transportation and commercial activities in Nigeria cities, and by extension in developing countries, is a cause for concern. The average noise level in the residential, commercial, and transportation areas of Ibadan were 65.2 dB(A), 75.9 dB(A), and 75.9 dB(A) ([Figure 9](#ijerph-12-12225-f009){ref-type="fig"}), respectively, while those of Ife were 65.5 dB(A) and 73.6 dB(A) ([Figure 10](#ijerph-12-12225-f010){ref-type="fig"}), which exceed the allowable WHO noise level limits. These computed noise levels, *vis-à-vis* explained violations observed in the cities of Ibadan and Ile-Ife, are similar to those reported in other studies \[[@B83-ijerph-12-12225],[@B84-ijerph-12-12225],[@B85-ijerph-12-12225],[@B86-ijerph-12-12225],[@B87-ijerph-12-12225]\].

Noise levels can be influenced by time of day and day of the week. For instance, Monday marks the beginning of many economic activities, and a high inflow of people who left the city for the weekend, while Friday is mainly characterized by the increase of vehicular traffic and mass movement out of the cities by travellers. Hence, results revealed that Mondays and Fridays recorded the highest morning and evening noise in Ibadan and Ile-Ife. The emergence of Sunday as the quietest day of the week in both cities can be explained by the socio-cultural activities of the people in the cities. Traditionally, Sundays are usually devoid of many socio-economic functions, except for religious activities, which in most cases are solemn and take about three to four hours for many places of worship in Ibadan and Ile-Ife. In the light of this, vehicular traffic and movements are always limited, as people often remain indoors to rest from all socio-economic engagements of the previous week and to prepare for the incoming week.

The overall results on noise pollution in different zones of Ibadan and Ile-Ife cities indicates that the noise pressure levels were highly variable and were the manifestation of diverse man-made activities in these zones. However, all readings in this respect are higher than the recommended values and suggest that many of the dominant activities on these land uses are carried out with no respect for the environment. This further shows possible link between the socio-cultural orientation of the people and their use of the environment. Additionally, the mean noise levels calculated for both Ibadan and Ile-Ife was 71.3 dB(A) and this exhibits similar characteristics with results obtained by \[[@B72-ijerph-12-12225]\].

The test of the relationship between noise and land-use types shows that noise in typical urban cities in Nigeria is greatly influenced by prevailing land-use types, and that there is a marked difference in noise levels across different land-use types. The implication for the present noise regime in Nigerian urban areas, as typified by those obtained in the in this study, transcends the health consequences of this environmentally-degrading phenomenon. If not properly checked, the noise levels have the potential to affect the re-distribution of people and socio-economic activities within the centers in such a skewed way that they will influence the spread and economic rent of the centers. The increasing rate of development of sprawls and illegal settlements outskirt of many of Nigeria's urban centers attest to this fact.

4. Limitation to the Study {#sec4-ijerph-12-12225}
==========================

Although this study is aimed at comparing urban noise levels under different land use types, the spatial modeling of noise propagation in the study area could have added value to the research. However, the unavailability of, and accessibility to, dedicated noise modeling software did limit the scope of the study. Additionally, constrained by resources, the study could not increase the number of noise sample stations, which in turn could have had considerable statistical significance within the study sites. Similarly, repeated noise observations, especially at different periods of the year, may have ensured a better representation of noise in different seasons, thereby improving the understanding of noise dynamics with respect to urban land use, especially in the typical, fast growing urban centers of developing countries like Nigeria.

5. Conclusions {#sec5-ijerph-12-12225}
==============

The summary of the total noise levels in both Ibadan and Ile-Ife, which reveals that 79.33% of sampled locations in both cities exceed the recommended noise levels, thus, suggesting that noise has become a major pollutant in these cities. The study also documented that urban noise is influenced by land use. While noise pollution has been associated with urbanization, living daily with this level of noise in the urban environment could have detrimental physical, physiological, and psychological effects that may, in many cases may, not have an immediate visible manifestation. The present situation of noise pollution in the urban areas Ibadan and Ile-Ife poses severe health risks to the residents. Furthermore, discomfort and irritation caused by the pollution can drastically reduce productivity, both in public service and private sectors. In addition, some areas may soon reach the threshold of pains, leading to permanent loss of hearing and, in some cases, death, in addition to the other not-too-obvious consequences. This can be reversed by, first, assessing existing noise standards in the country against the current level of urban development, and then setting up appropriate and effective monitoring mechanism for proper implementation. The study recommends active noise management strategy at all levels of governance in the country and also calls for holistic and realistic land use practices aimed at achieving the millennium development goal of sustainable urban development in Nigerian cities. The study also suggests increased sample size and season-based noise observations for future research in the area of urban noise dynamics, especially in developing countries where limited studies and applications exist.
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